Thirty-seven patients subjected to mitral valvulotomy were studied before and after operation with regard to the incidence, extent, and mechanism of postoperative hyponatremia. Balances of water, sodium, and chloride were carried out on 27 patients. The serum sodium fell below 131 mEq. per liter in 16 cases in the immediate postoperative period, the serum chloride fell below 99 mEq. per liter in all cases but one and below 90 mEq. per liter in 11 cases. The small negative balances of sodium and chloride were inadequate, by themselves, to account for the observed hyponatremia in any case. Appreciable (over 100 mEq.) intracellular shifts of sodium (using the chloride space as a reference) were associated with hyponatremia in only three cases. The retention of water during the immediate postoperative period (allowing for insensible losses) was enough to explain the observed hyponatremia in all but three cases, although the level of fluid intake was not well correlated with the occurrence of hyponatremia. These results indicate the presence of an unusually prolonged antidiuretic stimulus in these patients, the etiology of which remains uncertain. Except in a few cases it is unnecessary to correct the hyponatremia with hypertonic salt, since it is usually a transient, limited, and essentially asymptomatic phenomenon.
H YPONATREMIA following major operative procedures has been related to sodium depletion (usually via drainage from the gastrointestinal tract),' or to "excessive" administration of salt-free fluids in the postoperative period. When the intake of fluid is set at 4000 cc. per day in patients subjected to gastrectomy, the serum sodium is reduced slightly for only about 24 hours.3 When only 2500 cc. per day is given, hyponatremia following major thoracotomy in patients without heart disease is largely avoided.4 In patients subjected to mitral valvulotomy, however, hyponatremia has been observed by us under conditions where neither sodium depletion nor the excessive administration of water seemed to apply.
Such patients were, therefore, studied by the balance technique, described below, in an effort to discover:
(1) The incidence, severity and persistence
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(2) The features of their rheumatic heart disease which might be implicated in the development of hyponatremia.
(3) The possible r6le of dilution of the body electrolytes by fluids administered in seemingly moderate quantities.
(4) The possible r6le of an intracellular shift of sodium in explaining extracellular hyponatremia.
PROCEDURE AND METHODS
Thirty-four patients of a total group of 115 subjected to mitral valvulotomy during the three year period from June, 1951 to June, 1954 were chosen for the present study. The clinical data bearing on the severity and type of their rheumatic cardiovascular disease are summarized in table 1. Changes of the serum electrolytes were closely followed in all patients. In 24 of the 34 cases, balances of sodium and water were measured during the postoperative period as indicated below. Each patient was put on a low-sodium diet of known content (usually 200 mg.). Two patients (cases 3 and 21) received extra sodium chloride, in addition to the salt-free diet, in the immediate postoperative period. Urine and chest drainage were collected in consecutive 24-hour aliquots. Stools were not studied, but in the postoperative period covered by this study were infrequent. Body weights were obtained before operation, but could not be obtained in the postoperative 38  46  46  28  30  38  46  51  37  21  54  42  49  46  54  41  35  30  42  28  24  25  48  43  42  55  38  40  41  35  48  31  41  51 Sex Class" CHFb NPNC 4F  4F   2  2F  3F  3  3F  3  3F  3  3  3F  3  3  3F  2F  3F  3  3F  2  2  3F  3  3F  3  4F  4F   +   +   +   29  31  36  27  31  37  34  36   24  35  28  28  33  33  36  30  27  25  34  28  33  33  35  33  33  30  33  40  32  38  33  43  38   pSpC BSP'   19   59   55   60   55  50   70  85  45  60  65  55  40  90  50  40  45  61  45  53   45  20   25  21   5   18   4  9  3  2  1  20  5  3  3  5  12  7  13  13 Unitse   9D  4D   8D  8D  10D  9D   7D  9D  2D  8D  7M  10D  9D  6D   8D  8D  7D  13DM  12D  4D  3D  3D  13D  13M  3M  8M  15D  9D  13D  4M Calculations of changes in the extracellular and intracellular electrolytes were made according to formulae previously presented.5 The assumptions were made that chloride remained "extracellular" and that extracellular fluid volume in each patient at the beginning of period A was 20 per cent of the body weight. Corrections for the Donnan equilibrium and for serum water were omitted because of the negligible influence of such corrections on the date presented in tables 2 and 3. Water balance was estimated in each patient by careful measurement of intake and output during and after the operation, correction being made for an assumed insensible loss of 1000 cc. per day. This value, being somewhat high, partly allows for unmeasured losses of water through sweating during and after operation, some of which were also offset by unmeasured retention of fluid used for irrigation purposes during operation. Losses of blood during operation were approximately balanced by blood replacement and have not been included in these calculations.
In view of the above assumptions, the estimates of water balances and changes of intracellular water were only gross approximations. However, they provided (in conjunction with the much more accurate measurements of the balances of sodium) the basis for evaluating the possibility that retention of water might explain the decreases in the serum sodium observed in periods A. The "estimated changes in the serum sodium", bNa is the external balance of sodium. B.Wt. is the body weight at the beginning of the balance period. bH20 is the balance of water.
[Na]8 is the concentration of the serum sodium at the beginning of the balance period. Assumptions made in the use of this formula are (1) that bH20 is accurate; (2) that 0.7 B.Wt. is the total body water; (3) that intracellular and extracellular osmolarity are the same; (4) that there is no activation or inactivation of cellular or extracellular base during the balance period. The effects on this calculation of losses of sweat in excess of those allowed for in the values for bNa and bH20 are discussed below. RESULTS
Serum Electrolytes
Changes in the serum electrolytes (table 2) were measured in 37 cases. 
Extra-and Intra-cellular Electrolytes
Changes in the extra-and intracellular electrolytes were estimated in 27 patients (see table 3 , and Methods), under the basic assumption that chloride remained extracellular. Because the prescribed dietary intake of sodium and chloride was minimal (except in cases 3 and 21) the overall balances of these ions were in most cases negative. Extracellular contents of chloride therefore declined during periods A and B in all but four cases (cases 3, 13, 14 and 21); extracellular content of sodium declined more variably (in about three-fourths of the cases). The negative balances of sodium were inadequate, by themselves, to account for any of the observed cases of hyponatremia. Intracellular balances of sodium varied inversely with the extracellular balances. However, the apparent intracellular shifts of sodium during period A were appreciable (over 100 mEq.) in only 7 of the 27 cases studied, only three of the seven (cases 1, 2 and 21) being cases of hyponatremia. Estimations of Fluid Balance (Table 3) The overall balances of water ( Although the mean values would suggest a relation between hyponatremia and larger intakes of water, the ranges of values in each group invalidate the small differences in the mean values. Hyponatremia in these patients was not well correlated with "excessive" intake of water in the postoperative period, the positive water balances being due primarily to excessive retention of water (i.e., oliguria).
Sweat Losses
Although losses of water and sodium via sweating have been partly covered in the above calculations by the values for bNa and H20 (see Methods), it is possible that sweating may have been underestimated. During period A, the unmeasured extra loss of 500 cc. of sweat containing 20 mEq. of sodium chloride would have increased the values for the intracellular balance of sodium, in cases 1 through 27, by only about 10 mEq., and would have added no cases in which the change in serum sodium could not have been explained by the overall balances of water and sodium, in the absence of an intracellular shift of sodium. However, the unaccounted loss of an extra liter of sweat in each case would have added three cases of hyponatremia which could not have been explained by the retention of water. Such sweating was not clinically evident in these cases.
Urinary Electrolytes
Urinary loss of sodium and chloride was minimal in all cases during both balance periods. Urinary loss of potassium was more pronounced, particularly during period B. This was not necessarily of cellular origin, since dietary intake may have matched the urinary loss.
DISCUSSION
The above data indicate a high incidence of hyponatremia immediately following mitral valvulotomy. In some instances this was of moderately severe degree, but in only two patients (cases 9 and 21) did it introduce the ominous syndrome of progressive hyponatremia and anasarca characteristic of relentless, preterminal congestive heart failure. In all other patients studied here, the hyponatremia was self-limited, and essentially asymptomatic. Mental confusion was noted in several patients, but was not clearly related to hyponatremia in view of other possible causes, such as sedation. Similar observations have been made in a recent report by Wilson and co- workers. 6 The data of tables 2 and 3 would suggest that the mechanism of the observed hyponatremia in most cases involved dilution by water retained in unusual quantity during the postoperative period, rather than sodium depletion or a shift of sodium from the extracellular water into the cells (or into bone or connective tissue). Transient retention of water, associated with oliguria, is characteristic of the period immediately following major surgery,7 although it is not usually sufficient to cause prolonged hyponatremia if water intake is moderate.3' 4 However, the possibility of a more consistent shift of sodium into cells in the present experiments cannot be entirely eliminated, because the assumption used in estimating this possibility (see Methods), namely that the chloride space accurately reflects changes in the extracellular water, may be open to some question. A shift of chloride into cells, connective tissue or bone in any case would have increased correspondingly the calculated shift of sodium into the same areas. Nevertheless, recent studies of the use of chloride, potassium thiocyanate and inulin for measuring the extracellular phase of tissues8 indicate that the chloride space may at present be the best available measure of the volume of the extracellular fluid.
Whichever mechanism may have been involved in each case in the initiation of hyponatremia, the operation of an abnormal antidiuretic (water) stimulus was implicit in the observation that the serum sodium remained low, occasionally for as long as a week or more, in the absence of salt depletion or uremia. The normal physiologic response to a fall in the osmolarity of the body fluids is the inhibition of the secretion of antidiuretic hormone bv the posterior pituitary, as a result of which the reabsorption of water by the renal tubules is decreased. The consequent diuresis restores internal osmolarity to normal. This regulatory mechanism may fail under a variety of circumstances characterized by excessive stimulation of the posterior pituitary (or possibly by the appearance of antidiuretic hormone-like substances from other sites or by a primary change in cellular osmolarity).9 In particular, retention of water has been noted with disturbances of adrenal function and with general circulatory impairment, either of which might have been variably present immediately following mitral valvulotomy. It was of interest, therefore, to correlate the occurrence of hyponatremia in these patients with those clinical features which tended to affect adversely the postoperative circulatory status and which might therefore have been expected to favor water retention (table 1) . Except cases 10, 25 and 31, every case of hyponatremia presented one or more of the following factors: prior congestive failure; prolonged postoperative hypotension; disturbing new arrhythmia; overt rheumatic activity (arthritis); or more than the usual residual valvular abnormality. However, each of these factors was also present in one or more of the cases without hyponatremia. Therefore, in the absence of some more quantitative estimate of the degree of postoperative circulatory impairment, no clear distinction can be made on this basis between those patients who developed hyponatremia and those who did not. Of particular interest was the lack of correlation of hyponatremia with the development of the "postvalvulotomy syndrome" (consisting of cough, fever, pleuritis and/or pericarditis)-designated by P in table 1 . The amounts and effects of sedative medications which have been implicated in postoperative water retention'0 were also no greater in the cases with hyponatremia than in those without. The antidiuretic effects of the operative anesthesia, itself, are known to last only a few hours.'0 A few patients (cases 13, 17 and 21) may be expected to develop hyponatremia which cannot be explained by the retention of water.6 It is our experience that it is unnecessary in most cases to attempt to correct this hyponatremia, since it is almost invariably a transient, limited and essentially asymptomatic phenomenon. Whether saline therapy would be detrimental cannot be decided from our data. In an occasional patient, the progression or persistence of hyponatremia warrants the administration of hypertonic saline. in an effort to improve the circulatory status. Such therapy is likely to be quite effective in the case of hyponatremia due to unusual salt depletion6 (not observed in this series), but may be expected to be much less or not at all effective in the case of the ominous progressive hyponatremia associated (as in cases 9 and 21) with edema and increasing heart failure.
SUMMARY
Thirty-seven patients subjected to mitral valvulotomy were studied before and after operation with regard to the incidence, extent, and mechanism of postoperative hyponatremia. Balances of water, sodium, and chloride were carried out on 27 patients. The serum sodium fell below 131 mEq. per liter in 16 cases in the immediate postoperative period, the serum chloride fell below 99 mEq. per liter in all cases but one and below 90 mEq. per liter in 11 cases. The small negative balances of sodium and chloride were inadequate, by themselves, to account for the observed hyponatremia in any case. Appreciable (over 100 mEq.) intracellular shifts of sodium (using the chloride space as a reference) were associated with hyponatremia in only three cases. The retention of water during the immediate postoperative period (allowing for insensible losses) was enough to explain the observed hyponatremia in all but three cases, although the level of fluid intake was not well correlated with the occurrence of hyponatremia.
The conclusion that hyponatremia was due in most cases to water retention is valid only if certain reasonable assumptions are allowed: (a) sodium losses in sweat were no greater than surmised, (b) chloride remained extracellular, (c) cellular osmolarity did not decrease.
The results indicate the presence of an unusually prolonged antidiuretic stimulus in these patients, the etiology of which remains uncertain. Except in a few cases it is unnecessary to correct the hyponatremia with hypertonic salt, since it is usually a transient, limited, and essentially asymptomatic phenomenon. SUMMARIO 
